The objective of this paper is to estimate the impact of residential job accessibility on female employment probability in the metropolitan areas of Barcelona and Madrid. Following a "spatial mismatch" framework, we estimate a female employment probability equation where variables controlling for personal characteristics, residential segregation and employment potential on public transport network are included. Data used come from Microcensus 2001 of INE (National Institute of Statistics). The research focuses on the treatment of endogeneity problems and the measurement of accessibility variables. Our results show that low job accessibility in public transport negatively affects employment probability. The intensity of this effect tends to decrease with individual's educational attainment. A higher degree of residential segregation also reduces job probability in a significant way.
Introduction
The relationship between urban structure and labour market outcomes has been the subject of a long-standing debate in North America in the literature on the spatial mismatch hypothesis. According to the hypothesis, selective population and employment decentralization since the 1950s has led to a "disconnection" between residential and job location in the case of racial and ethnic minorities, especially for Afro-Americans, who are residentially concentrated in the "inner city". Since Kain's (1968) seminal contribution, a large number of studies have proved that this spatial mismatch is a determining factor in the poor labour market outcomes for these groups (for a review, see the surveys of Ihlandfeldt and Sjoquist, 1998 and Gobillon et al., 2007.
The origin of this literature lies in the estimation of an empirical relationship between some individual outcome in the labour market (participation, unemployment or worked hours) and variables featuring residential location. These variables have to do with two basic aspects supposedly affecting outcomes, namely job accessibility and residential segregation.
While most empirical studies have a US focus, the underlying mechanism to this relationship holds general validity. In recent decades, European cities have experienced decentralization processes affecting all countries at varying intensity and timing (Cheshire, 1995) . This decentralization may well also give rise, within a different context, to "spatial mismatch". So far, only a few studies have been carried out for European cities, obtaining less conclusive results than in the American case (see Fieldhouse, 1999 , Houston, 2005 and Patacchini and Zenou, 2005 This paper widens the scope of the European studies to the case of Southern European cities. The objective of the research is to determine the effect that the urban structure of Barcelona and Madrid has on the probability of employment, given the population and employment decentralization that both cities have experienced in the last two decades.
Specifically, we study the impact that job accessibility by public transport has on the female employment probability.
Women are a relatively disadvantaged group in comparison to men in terms of labour market outcomes, suffering both a lower participation rate and higher unemployment.
Furthermore, car accessibility is lower for women, which results in dependence on public transport for commuting and, consequently, higher time costs.
Accessibility is measured in terms of public transport time. The reason is that decentralization in Barcelona and Madrid has given rise, as in other European cities, to low density and discontinuous development across large parts of their areas, negatively affecting the quality of the public transport network serving newly developed areas. The main problem is that not all the metropolitan space can be properly served by public transport. As a consequence car dependence increases. The lack of public transport supply reduces the potential job opportunities in the territory for all those groups with lower car ownership. From this point of view, it seems relevant to study the extent to which low accessibility to public transport affects employment probability. Additionally, our study addresses the problem of potential endogeneity bias due to the simultaneity of the residential location decision and labour market outcomes.
After the introduction, the second section describes the decentralization process in the two study areas. The third section is devoted to the related literature on spatial mismatch. A fourth section explains the job accessibility measure used here, while the fifth section describes the data. The sixth section explains the econometric strategy and presents the estimated equations. The results are discussed in the seventh section, and summary and conclusions are derived in a final section.
The study areas
The study focuses on the metropolitan areas of Barcelona and Madrid. Barcelona has a relatively dense metropolitan area of 3,000 sq km and 4.4 million people, which implies a density of 1,380 inhabitants per sq km. The central city comprises only 99 sq km of land and concentrates a little more than a third of the population, with a density of 15,150 inhabitants per sq km. The metropolitan area had 1.8 million jobs in 2001 and 768,000 of them were located in the central city. As a result, average job density per sq km amounts to 476, while in the city of Barcelona it climbs to 7,828 jobs per sq km.
The Madrid metropolitan area hosts a population of 5.4 million in an area of 8,000 sq km, with a density of 692 inhabitants per sq km. The municipality of Madrid covers an area of 600 sq km with a population of around 3 million, which implies a density of roughly 5,000 inhabitants per sq km and 52% of the population of the area. The weight of Madrid in the metropolitan employment is high, amounting to 64%. Metropolitan average job density is 293.7 jobs per sq km while, in the city of Madrid itself, it reaches 2,420.
In recent decades, a process of employment and residential decentralisation has taken place in both areas. As Tables 1 and 2 show, the central city has lost both population and jobs as a percentage of the entire metropolitan area. Different segments of population and employment have decentralized at differing rates. Table 3 shows the percentage of resident population in the central city of each area by income percentile in 2001. As can be seen, the population in the highest 25% of the income distribution was overrepresented in the central city of both areas. As regards employment, jobs filled by population with post-compulsory education levels were located in the cities of Barcelona and Madrid at levels above their respective means. The decentralization process has had the effect of increasing the disequilibrium in the location of population and employment. One of the visible results is the decrease in municipal self-containment percentages. For example, the average self-containment percentage of resident population in Barcelona in 1986 was 67.6% and in 2001 it fell to 52.7%.
Spatial mismatch hypothesis: some explanatory factors
The literature dealing with the relationship between residential location and labour market outcomes appears in the United States in a context of rapid and intense population and employment decentralization as well as the concentration of the AfroAmerican population in the inner cities. The seminal paper of Kain (1968) developing the "spatial mismatch hypothesis" is the point of departure after which an extensive empirical literature has followed. In the last few years, some European studies have tried to adapt the spatial mismatch hypothesis to the characteristics and context of European metropolitan areas.
Only recently have theoretical models been developed to explain spatial mismatch. Gobillon et al (2007) review the theoretical mechanisms underlying the spatial mismatch hypothesis which have been formally developed in urban labour-market models. In the case of the Spanish metropolitan areas, we consider relevant the following causes of spatial mismatch:
1. Workers may refuse job opportunities that require commuting costs which are too high in relation to the offered wage. The main theoretical models that develop this point are Brueckner and Martin (1997) , Brueckner and Zenou (2003) , and Coulson et al (2001) .
2. Job search efficiency decreases with distance because information flows on job opportunities are subject to a distance decay effect. This particularly affects unskilled unemployed workers because of their dependence on informal methods of search. A second cause may explain search intensity decay as well.
The unemployed may incur increasing transport costs as distance increases.
Again, this affects the most disadvantaged groups differentially. Their dependence on public transport leads to higher time costs. As a consequence, search efficiency decreases with distance but at a rate that differs according to worker qualification. The theoretical development of this point can be found in Ortega (2000) , Wasmer and Zenou (2002) and Patacchini and Zenou (2005) .
According to the review conducted by Gobillon et al (2007) , sufficient empirical evidence exists on the negative contribution made by commuting costs to labour market outcomes, especially for the most disadvantaged workers. However, the channel by which commuting costs negatively affect those outcomes has still not been identified empirically.
A second spatial factor which can also negatively contribute to explain poor labour market performance is residential segregation. To the extent that disadvantaged neighbourhoods are far from job opportunities, segregation and distance effects can become intermingled. Segregation may have an effect in two ways.
1. Segregation may hamper human capital investment. The concentration of residents with low education levels in some neighbourhoods may generate negative externalities on the academic performance of resident youth.
2. Segregation may deteriorate social networks. In particular, segregation affects the capacity of people with low education and ability levels to find a job using social networking within the community (For both mechanisms, see the literature on neighbourhood externalities. A recent survey is provided by Durlauf (2004) ). The separation from the labour market experienced by most residents in the most disadvantaged neighbourhoods makes it difficult to obtain information on job opportunities through social networks (Holzer, 1987 and 1988) .
It is not difficult to see the possible interaction between the two mechanisms, distance to job and social networks. The lower search efficiency due to distance explains unemployment concentration in neighbourhoods with poor job accessibility, which in turn deteriorates residents' social networks and increases their difficulties in finding a job.
Measuring job accessibility
A key issue in spatial mismatch studies is how to measure residential accessibility to job opportunities. Following Rogers (1997) , this variable has to take into account the spatial distribution of jobs and the distance or access cost to reach them.
The variable used here is the employment potential for each residential zone computed for all municipalities in the metropolitan area.
As our objective is to analyze the extent to which the lack of public transport can diminish job opportunities potential, the accessibility measure is defined in terms of public transport time. The relevant variable in this case would be the number of vacancies but, as our data do not supply such a variable at this level of spatial disaggregation, the total number of jobs located in each zone serves as a proxy for vacancies. We should expect that zones with a higher number of jobs also generate a larger number of vacancies (Rogers, 1997) .
The job accessibility formula for an individual resident in zone i is given by:
where: EMP j is the number of jobs in municipality/district j t ij is the travel time by public transport between i and j 1 i, is the household zone of residence j, is the destination zone
Regarding the destination zone, the municipality is the smallest spatial unit for which the number of jobs is available. However, in order to improve the accuracy of the accessibility measure in the cities of Barcelona and Madrid, jobs are computed at the level of districts 2 . The index is computed using job locations from the 2001 Population
Census and the commuting times by public transport are obtained from the official travel time matrices.
In order to better approach individuals' job opportunities, accessibility is computed by education level. Five education levels are considered: no degree, primary education, compulsory education, upper secondary education and university degree. An accessibility value is allocated to each individual in the sample according to education level. Figures 1 and 2 map for both areas the behaviour of total employment 3 accessibility by public transport. Figure 3 which plots the density distribution of job accessibility in both cities reinforces the perception of these differences. As can be seen, the variance of the accessibility distribution in the area of Barcelona is notably higher than in Madrid. Differences are highest in the upper tail of the distributions 
The data
The data used in this study come from the 2001 Spanish Micro-census. The main advantages of this dataset are its sample size (5% sample of the Census population) and the level of spatial disaggregation of the information, which makes it possible to define the variables using very small spatial units (census tract level). The dataset contains the usual individual and household socio-economic information. Given that our aim is to analyse female employment probability, the sample has been restricted to women aged between 16 and 64 years old. We approximate residential segregation using a set of variables defined at census tract level: unemployment rate, distribution of working-age neighbourhood residents by education level, distribution of working-age neighbourhood residents by citizenship, distribution of dwellings by age of construction and distribution of dwellings by size. A statistical analysis of these variables showed a high level of correlation among them.
Given that the estimated coefficients for the variables in the model were robust to the segregation variable included in the equation, we chose to include only the unemployment rate as it provided the highest level of fit.
Finally, the third category of variables are those related to accessibility to job opportunities. As explained in section 4, accessibility by public transport has been approximated by the employment potential for each residential zone measured according to the level of education possessed by each individual in the sample. With respect to accessibility by private transport, the variable used is the number of cars per adult in the household. In some preliminary estimations, we included the employment potential defined in terms of time spent in private transport. However, the results showed that the relevant variable was not the time cost to access jobs but rather the car availability in the household. This result agrees with other studies Rice, 2002 and Ong and Miller, 2005) and reflects that private transport is sometimes the only option to connect residential places and job opportunities. 
The estimated model
With the objective of investigating the impact of residential segregation and accessibility to jobs on employment, we estimate an employment probability equation for women, taking into account individual characteristics, segregation variables and a measure of job accessibility, using the following probit specification:
where Ф is the standard normal cumulative distribution function, X is the set of explanatory variables and β the parameters to be estimated. The dependent variable, E, takes value 1 when the individual is employed and 0 when unemployed or out of the labour force.
To estimate the previous equation we have to take into account that there is a potential problem of simultaneity between the decision of a woman to join the labour force and the number of cars in the household. Although it is true that car ownership increases the probability of employment, causality also runs in the opposite direction. That is, working women increase the number of cars in a family. If this is so, the estimated coefficient for car ownership in the employment equation will be biased upward. The existence of simultaneity between the two decisions can be verified by estimating the structural equations of female employment and number of cars per adult.
On the one hand, a probit model for female employment probability has been estimated including as explanatory variables those defined in Table 5 . As can be observed in Table 6 , the number of cars per adult has a positive and very significant effect on employment probability. Hence, the structural equations show that labour status and car ownership are endogenous variables. In both equations and metropolitan areas, the rest of the coefficients take the expected sign and are statistically significant 6 .
The endogeneity problem in the employment equation can be addressed by estimating the system of equations using maximum likelihood, given that when dealing with discrete dependent variables the standard two-step estimator is inconsistent (Wooldridge, 2002, pp 472-478 Our decision has been to approximate the reduced form of both equations 7 . Moreover, it can be seen that the identification problem vanishes when dealing with reduced forms.
Since our interest lies in the employment probability, the reduced form of the car ownership equation is presented only in the annex (Table A. 
1).
Estimation results of the reduced-form equations for employment probability are given in Table 8 . In both metropolitan areas, the variable "housing size per capita" was statistically significant, whereas this was not so for "housing tenure". Hence, this last variable was excluded from the equation. From the comparison of Tables 7 and 8, it follows that the estimated coefficients in the structural and reduced forms are very similar. Nevertheless, regarding the accessibility variables, we observe a decrease in the estimated coefficient which is more pronounced for the highest level of education. A second simultaneity problem we need to address is that residential location can be an endogenous variable. As has been well documented, the choice of residential location influences and, at the same time, is influenced by the individual labour market outcome.
Moreover, there are unobserved factors (for instance, different worker productivity levels) that simultaneously affect both the residential location choice and employment probability. As a result, the accessibility variable will be correlated with the disturbance term and the coefficients will be inconsistent. The estimated coefficients will be biased upward or downward depending on whether neighbourhoods with a lower probability of being employed are located further from or nearer to the centres of employment.
Dealing with this endogeneity problem is a difficult task given the lack of robust instruments, and an ideal solution does not exist. The economic literature has addressed this problem by developing various strategies. Weinberg et al. (2004) address it by using a panel dataset and controlling for fixed effects and unobserved individual characteristics which vary over time. Their study concludes that estimates that do not account for endogeneity overstate the effect of neighbourhoods but understate the effect of job accessibility, because individuals with lower employment probability are located around central business districts.
Alternatively, some authors rely on situations that can be compared to natural experiments. Holzer et al. (2003) use the construction of a new railway link to evaluate accessibility improvements to jobs in the case of minority workers. Aslund et al. (2006) exploit a Swedish refugee dispersal policy in which the location of people was decided by the Swedish government. Hence, individual residential location could be considered exogenous.
A third and frequently used alternative is to restrict the sample to individuals whose location choice can be considered exogenous to their employment status. The most common option is to restrict the sample to young adults living with their parents. This is the strategy adopted by Dujardin et al (2008) in the metropolitan area of Brussels. Gobillon and Selod (2007) use a subsample of unemployed workers living in public housing, whose location choice was therefore likely to be exogenous. Moreover, both studies apply a sensitivity analysis in order to evaluate whether there is any potential remaining endogeneity bias arising from the effect of unobserved characteristics which influence both the residential location and the employment outcome of the individuals in the subsample. The results obtained in these studies were quite robust to the presence of potential endogeneity.
In this study we adopt the third alternative to check the robustness of our results to the potential endogeneity problem. The strategy consists in re-estimating the model only for the subsample of women that have not changed their residence location in at least the last ten years. For this subsample the residential location choice can be thought of as fairly exogenous to present employment status. The sample size has been reduced by 19% in the Barcelona area and 21% in the Madrid area. The results are given in Table   A .2 in the annex. From that table, it can be observed that the estimated coefficients are quite similar to those obtained with the full sample. In fact, according to a t-test, the null hypothesis of equality of coefficients between the full sample and the reduced one cannot be rejected in any of the two metropolitan areas.
According to the previous reasoning, we can conclude that the estimation is not affected by significant endogeneity problems. Therefore, the equations presented in Table 8 are a valid approximation for analysing the impact of job accessibility on employment probability. Table 8 shows that the coefficients related to individual characteristics are highly significant. For a woman, the employment probability increases with her level of education and decreases with number of children. The age effect is not linear; employment probability reaches a maximum at around 30 years of age in Barcelona, and 33 in Madrid. Regarding the labour status of spouse, for married women, the probability of being employed decreases when the spouse is either retired or unemployed. Moreover, citizenship also has an effect on employment probability.
Estimation results
The results confirm that residential segregation has a negative effect on employment.
Residents in neighbourhoods with a high unemployment rate have a lower probability of finding a job. As suggested by the theory, this relationship operates through two main channels: deteriorating local social networks and higher difficulties in acquiring human capital. It has to be noticed that the results are robust to the choice of neighbourhood characteristics included in the equation. For instance, the results hold when the unemployment rate is replaced by the proportion of neighbourhood residents with higher levels of education or by the proportion of dwellings constructed in the last decade. In both cases, these variables reflect neighbourhoods occupied by young and educated people. Our results agree with results obtained for other European cities. Gobillon and Selod (2007) conclude that residential segregation prevents unemployed workers from finding a job in the Paris metropolitan area, whereas Dujardin et al. (2008) confirm that residing in a poor neighbourhood increases the probability of being unemployed in Brussels.
According to the estimates, the main variable of interest in this study-job accessibility by public transport-has a significant impact on employment probability. In both metropolitan areas, a higher accessibility to jobs by public transport increases the employment probability of women. As may be expected, the magnitude of the effect decreases with the level of education.
Although available literature on spatial mismatch has not paid particular attention to the impact of public transport quality on employment, some recent work provides valuable results. The study of Kabawata (2003) demonstrates that, for workers living in the metropolitan areas of Los Angeles and San Francisco, improved transit-based job accessibility significantly drives up both the probability of being employed and the number of hours worked, with the effect being higher for workers without cars. Holzer et al. (2003) find that the expansion of a railway line in the San Francisco Bay Area, which improves the accessibility of inner-city minority workers to a suburban employment centre, has a positive effect on employment for people residing near the new station.
Regarding available evidence on European cities, the results are not conclusive. Gobillon and Selod (2007) provide only slight evidence of a negative effect of job accessibility on the probability of finding a job in Paris. Additionally, when they examine accessibility and educational level jointly, they find that only in the case of less-educated workers does accessibility improve job finding. Dujardin et al. (2008) find that the distance to jobs is not significant in explaining employment probability in Brussels. As the authors argue, this result is coherent with the spatial structure of this city, where the unemployed reside close to the jobs.
Conversely, Patacchini and Zenou (2005) provide evidence favouring the spatial mismatch hypothesis in England. Specifically, job search intensity decreases with job accessibility time, and is higher for car-owning individuals. Aslund et al. (2006) , after controlling for residential location endogeneity, find that job accessibility has a positive impact on employment.
Elasticities and simulations
In order to quantify the effect of policy variables included in the equation, we have computed the elasticity of employment probability with respect to years of education, neighbourhood unemployment rate and job accessibility. Elasticity values correspond to aggregate values for the whole sample and are computed by simulating a unit percentage increase in the explanatory variable. As can be observed in Table 9 , the highest magnitude for elasticity corresponds to years of education. This is a well known result in the literature. One of the most effective policies for increasing the female employment rate is improving women's level of education. The contribution of our study is to confirm two additional possibilities. Firstly, reducing residential segregation will lead to a rise in the employment rate. Secondly, improving job accessibility in terms of time costs will also be an effective policy, mainly for less-educated women. Comparing the elasticities for Barcelona and Madrid, it can be observed that the estimated values are very similar between the two metropolitan areas. Therefore, we can conclude that the observed differences in employment location described in section 4 do not lead to different individual responses to changes in accessibility levels.
Additionally, the effect of accessibility on employment probability is illustrated through a simulation exercise in which the level of job accessibility for all the individuals in the sample is set at least equal to the average value of this variable for the zones in the highest decile. The assignment of the accessibility value has been made by taking into account the level of education of the individual. On average this simulation implies increasing job accessibility by 61% in Barcelona and 43% in Madrid. The reason for the lower percentage in Madrid is the lower variance in the accessibility distribution in that area.
The results are given in Table 10 . For each area, the first column corresponds to the predicted value of the employment rate in each group at the observed values for accessibility, and the second column is the predicted growth in the employment rate derived from the accessibility increase. The second column is the predicted rate after increasing accessibility and the third gives the difference between them. As can be observed, improving job accessibility would achieve a positive effect on the employment rate. This effect is greater for less-educated woman and decreases with education. In the Madrid area, the impacts are less significant because of the lower increase in the simulated accessibility index. 
Conclusions
Using data from the Spanish 2001 Micro-census, we have tested the spatial mismatch hypothesis for the metropolitan areas of Barcelona and Madrid.
The results of our study show that, after controlling for individual variables, residential location affects female employment probability in two ways. Firstly, we confirm that neighbourhood segregation is a significant factor in explaining labour outcomes.
Secondly, lower job accessibility by public transport decreases employment probability.
Furthermore, the magnitude of the second effect declines as educational level rises.
According to estimated coefficients and elasticities, the observed differences in the location of employment between Barcelona and Madrid do not translate into different individual responses to changes in accessibility. Nonetheless, given the observed higher dispersion of accessibility in Barcelona, a simulation exercise that sets accessibility for all individuals in the sample at the average of the highest decile results in a greater impact on employment in the Barcelona area. According to this simulation, the female employment rate in Barcelona would increase by 20% for less-educated women, by 8.2% for those with primary studies, by 2.4% for those with compulsory education and by 1.8% for upper secondary education. In Madrid the corresponding percentages are:
11.0%, 4.2%, 3.0% and 2.5%.
We should remark that our results are robust to potential simultaneity problems related to residential location. In this study endogeneity has been controlled for by estimating the reduced form of the employment probability equation and by re-estimating the model for a subsample whose residential location choice is likely to be exogenous with respect to any job decision. 
----------------------------------------------------------------------------------------------------------
1 Public transport time was also weighted with parameters between 0.5 and 2, giving very similar results. So we chose not to use weightings for the definitive computation of the potential. 2 The cities of Barcelona and Madrid are divided into 12 and 21 districts, respectively. 3 Employment including all education levels 4 Housing size per capita has been computed by dividing the number of square meters by the number of members in the household, adjusted by the Oxford equivalence scale. 5 One drawback of census data is that no information is provided about the level of household income. Given that income is a crucial determinant of car ownership we have approximated it by using the housing size per capita and housing tenure, along with the labour status of the spouse. 6 It can be noticed that, if we were dealing with a standard linear regression, we would face an identification problem in the structural equation for car ownership, because the number of coefficients to be estimated exceeds the number of exogenous variables in the model formed by the two equations. Nonetheless, in our case, because we are dealing with a non-linear equation, the usual identification condition does not apply directly. 7 We use the term "approximate" because the non-linear models may be lacking a reduced form. xreap@pcb.ub.es
